Nine cases of clinical and radiographic chronic interstitial lung disease are presented that have features of respiratory bronchiolitis-associated interstitial lung disease, but were associated with a respiratory bronchiolitis having extensive paucicellular lamellar eosinophilic collagenous thickening of alveolar septa in a patchy, particularly subpleural distribution. Patients were middle-aged with shortness of breath, mixed obstructive and restrictive lung disease with markedly reduced diffusing capacity and radiographs demonstrating centrilobular micronodules, occasional ground glass opacities and emphysema. All were alive at follow-up. The morphology of this process raises the differential diagnosis with the fibrotic form of nonspecific interstitial pneumonia and highlights the role of cigarette smoking as a potential cause of fibrotic lung disease.
Respiratory bronchiolitis is a common incidental finding in the lungs of cigarette smokers and is manifested by an intraluminal and intra-airspace accumulation of finely pigmented macrophages associated with peribronchiolar inflammation and fibrosis. [1] [2] [3] [4] [5] [6] When associated with clinical symptoms of shortness of breath and cough, pulmonary function abnormalities of mixed restrictive and obstructive lung disease and high resolution CT scanning demonstrating centrilobular micronodules, ground glass opacities and peribronchiolar thickening, a diagnosis of respiratory bronchiolitisassociated interstitial lung disease can be considered. [7] [8] [9] [10] [11] [12] [13] [14] While the above small airway changes and airspace macrophages have been areas of primary pathologic interest, Fraig et al and others have also pointed out that very mild degrees of centrilobular alveolar septal and focal subpleural fibrosis can be present in nearly 50% of respiratory bronchiolitis cases. 6, 9, 15, 16 This collagenous thickening of the alveolar septa can be dramatic and is the basis for this report of nine cases referred for consultation with the diagnosis of fibrotic phase of nonspecific interstitial pneumonia, but instead are interpreted as a form of respiratory bronchiolitis-associated interstitial lung disease with pronounced panlobular and subpleural alveolar septal fibrosis occurring in the presence of emphysematous change.
Materials and methods
The consultation files of the author were searched for all cases referred to the author in consultation as possible 'nonspecific interstitial pneumonia' from 2000 to 2006. Of these 32 cases, nine cases were reclassified as respiratory bronchiolitis-associated interstitial lung disease with fibrosis and formed the basis for this report. Hematoxylin and eosin slides were available on all cases (range 4-17 slides: average six slides per case). All nine cases were diagnosed by open lung biopsy, and trichrome stains were available in three cases. Amyloid stains were negative in four cases. Radiographic findings and pulmonary function tests were provided by the referring pathologist and/ or pulmonologist, as was information on current patient status.
Clinical presentation
The demographic features of the nine patients comprising the study set are shown in Table 1 . Patients were generally young or middle aged (average age 44 years; range 32-68 years; male/ female ¼ 4/5) and most patients presented with shortness of breath, dyspnea on exertion, or a dry, nonproductive cough of long duration (average 1.8 years: range 6 months-4.2 years). Eight patients were current and long-standing cigarette smokers, with an average of 38 pack years (range 15-60 pack years; years of smoking [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Pulmonary function studies were available on four patients and demonstrated mixed obstructive and restrictive lung disease, with predominantly obstructive lung disease with most patients having preserved lung volumes but reduced forced expiratory volume at 1 s and markedly reduced diffusing capacity. Chest radiographs and high resolution CT scans were performed on all nine patients of which only two were available for review. As shown in Table 1 , the predominant patterns were bilateral micronodular or linear infiltrates. Ground glass infiltrates were seen in 44% of patients. Emphysema was also noted in four patients. No evidence of honeycomb fibrosis was described and traction bronchiectasis was not observed. All patients are alive with stable (N ¼ 7) or slowly progressive (N ¼ 2) disease at an average of 3.2 years follow-up (range 0.5-5.2 years).
Histologic features
The nine biopsies all showed respiratory bronchiolitis. The predominant pattern was a centrilobular process with filling of terminal and respiratory bronchioles and centrilobular airspaces with finely pigmented macrophages (Figures 1 and 2 ). Mucous plugging was occasionally seen and was associated with mild atelectasis. A mild chronic inflammatory cell infiltrate surrounded the bronchioles and occasional lymphocytes and plasma cells were seen within alveolar septa. In addition to the respiratory bronchiolitis, the biopsies were remarkable for expansion and thickening of the alveolar septa by pauci-cellular lamellae of dense eosinophilic collagen ( Figure 3 ). This amyloid-like collagenous thickening of septa was widespread and more pronounced around the centrilobular zones but extended to the pleural surface in all cases in a patchy distribution (Figures 4 and 5) . It was not accompanied by alveolar pneumocyte hyperplasia, bronchiolar metaplasia or airspace mucous inspissation, and Congo red stains were negative in four cases. This alveolar septal thickening was most dramatic in regions of enlarged airspaces that were crisscrossed by alveolar septa that were thickened and collagenized without a significant cellular infiltrate ( Figure 6 ). The low power morphology differed from honeycomb change because of the absence of bronchiolar metaplasia, thick fibrous septa and stasis of secretions and could best be characterized as emphysematous spaces traversed by these thickened and ropey fibrotic alveolar septa. Within these regions, occasional aggregates of pigmented macrophages were seen and, in fact, desquamative interstitial pneumonia-like change (3 mm in maximum dimension) was identified in three of the nine cases, with uniform filling of these airspaces by pigmented macrophages with diffuse alveolar septal collagenization ( Figure 7) . Lymphoid aggregates were seen in three cases and a pulmonary apical cap was noted as an incidental finding in one case. Specific negative findings included the absence of organizing pneumonia or interstitial fibroblastic foci, honeycomb changes (as noted above), granulomas or mucous plugging of airspaces.
As part of this study, the grossly sectioned 'normal' lung of thirty consecutive lobectomies performed on known cigarette smokers with nonsmall-cell lung carcinoma (18 adenocarcinoma, 12 squamous carcinoma) without evidence of intersitial lung disease on routine CT scans, were examined. In all, 17 (56%) showed respiratory bronchiolitis without evidence of alveolar septal fibrosis. Six (20%) had respiratory bronchiolitis with mild occasional irregular skeins of septal fibrosis localized to the centrilobular zones with three (10%) having cords of thick acellular septal collagen forming a focal lattice within the mid zone of at least one lobule. In four cases (14%), the respiratory bronchiolitis had the alveolar septal fibrosis extend to the subpleural regions or interlobular septa, and had a morphologic appearance that focally resembled the cases of respiratory bronchiolitis-associated interstitial lung disease with fibrosis described herein.
As additional control groups for these morphologic features, we reviewed 16 age-matched pneumonectomies of nonsmokers with primary pulmonary hypertension who received lung transplants and lobectomies from seven nonsmoking patients (six female, one male) with primary lung adenocarcinomas. In none of these cases did we identify the characteristic ropey eosinophilic collagenous thickening of the alveolar ducts and alveolar septa described in the nine study cases or the first control group of lobectomies in smokers. Similarly, pigmented alveolar macrophages of the 'smokers' type were not seen.
Discussion
The nine cases of respiratory bronchiolitis-associated interstitial lung disease with fibrosis that comprise this series highlight one component of its histopathologic spectrum that may cause diagnostic confusion-specifically the presence of significant peribronchiolar and subpleural collagenous fibrosis of the alveolar septa such that the contributing pathologists considered a diagnosis of fibrotic phase nonspecific interstitial pneumonia. This was a particularly difficult distinction because to some extent the clinical presentation, functional data and radiologic features of the two entities overlap, particularly in cases of nonspecific interstitial pneumonia occurring in cigarette smokers.
Since the early descriptions of respiratory bronchiolitis in autopsy series, many studies have emphasized the presence of finely pigmented macrophages within the lumens of small airways and in the centrilobular airspaces, as a consistent marker of exposure to tobacco smoke. [1] [2] [3] [4] [5] [6] [7] 9, [11] [12] [13] [14] [16] [17] [18] Histologic descriptions have indicated peribronchiolar fibrosis and chronic inflammation but the best description by Fraig et al 16 found that nearly 50% of respiratory bronchiolitis cases have focal mild alveolar septal fibrosis and yet this observation did not consistently translate into evidence of radiographic changes or functional deficits. This is similar to the cases presented herein which are more remarkable for the widespread dense amyloid-like collagenous thickening of the entire lobule, particularly centrilobular and subpleural alveolar septa. The consequence of this interstitial fibrosis was a pattern of eosinophilic pauci-cellular collagenization of septa that was unassociated with the parenchymal remodeling of honeycomb change, fibroblastic foci or significant chronic inflammation. The nine cases appear to be cases that reflect the severe end of the spectrum of changes noted in cigarette smokers; these distinctive histopathologic changes are usually mild and incidental as shown in the study by Fraig et al 16 and as found in the control group of lobectomies in smokers in this study. At the severe end of the spectrum these changes may be associated with symptoms, signs and radiologic findings of interstitial lung disease. Based on these observations we think these cases should be segregated from the category of fibrotic nonspecific interstitial pneumonia and considered one of the manifestations of smoking-related interstitial lung disease/ respiratory bronchiolitis-associated interstitial lung disease with fibrosis. The presence of a fibrotic process in the lung of these patients, in the absence of features of usual interstitial pneumonia, led to a consideration of the fibrotic form of nonspecific interstitial pneumonia. [19] [20] [21] [22] [23] [24] [25] [26] This was especially true in the areas of subpleural emphysema where enlarged emphysematous airspaces were distinctly defined by thickened fibrotic alveolar septa and occasionally interlobular septa forming linear Figure 7 Respiratory bronchiolitis with fibrosis. In 30% of the cases, desquamative interstitial pneumonia-like areas of uniform airspace filling by smokers' macrophages were seen in association with septal fibrosis.
Respiratory bronchiolitis with fibrosis SA Yousem cicatrixes oriented perpendicular to the axis of the visceral pleura. Superficially, this pattern resembled microscopic honeycomb change because of the coexistent loss of alveolar septa due to emphysema. It did, however, lack bronchiolar metaplasia, true fibrous parenchymal remodeling and broad bands of pulmonary parenchymal scarring, and mucous inspissation.
The cases of respiratory bronchiolitis-associated interstitial lung disease with fibrosis in this study, and the associated control groups, demonstrate that cigarette smoking is associated with airway inflammation and with a patchy yet extensive, dense paucicellular collagenous scarring of alveolar septa. 8, 9, 11, 17 It contrasts with historical perceptions that smoking cannot be associated with extensive fibrosis of alveolar septa, resulting instead in dissolution of septa and emphysematous change. This observation has been noted previously in smokers in pathologic and radiologic studies 3, 6, 14, 16 and these nine cases show that respiratory bronchiolitisassociated interstitial lung disease with fibrosis can be of such an extent as to resemble the fibrotic phase of nonspecific interstitial pneumonia, especially when the interstitial process is patchy as described by Kazenstein et al. 24 This distinction can be a difficult one because the clinical and radiographic features of these cases, 'classical' respiratory bronchiolitis-associated interstitial lung disease and fibrotic phase nonspecific interstitial pneumonia in a smoker show substantial overlap with symptomatic dyspnea and cough, mixed functional deficits, and radiographic abnormalities of centrilobular micronodules and ground glass infiltrates being characteristic. 13, 24, 26 In a minority of cases, nonspecific interstitial pneumonia patients may have honeycomb change and tend to have more extensive ground glass changes. Morphologic features that are particularly useful in nonspecific interstitial pneumonia include a more diffuse distribution of interstitial fibrosis and a more pronounced mononuclear inflammatory infiltrate that is absent in respiratory bronchiolitis-associated interstitial lung disease with fibrosis. In fibrotic nonspecific interstitial pneumonia, the fibrosis lacks the dense lamellar type collagenization of alveolar septa, and the septal changes are often accompanied by prominent type II alveolar pneumocytes, patches of fibroblastic foci; and in a minority honeycomb change. Microscopic honeycomb change is associated with remodeled, not emphysematous lung, where septa are thick, airspaces reduced in size, bronchiolar metaplasia is prominent, and mucinous plugging often with acute inflammation is seen. The relatively poor prognosis of fibrotic nonspecific interstitial pneumonia compared to our cases warrants recognition of this differential diagnostic entity.
Although the emphasis of this series is on the mimicry of respiratory bronchiolitis-associated interstitial lung disease with nonspecific interstitial pneumonia, a major differential diagnostic consideration includes desquamative interstitial pneumonia. 3, [6] [7] [8] [9] [10] 12, 13, 15, 27 Desquamative interstitial pneumonia is defined as having widespread diffuse alveolar septal fibrosis with uniform airspace filling by alveolar macrophages and most examples of desquamative interstitial pneumonia are felt to represent one extreme of tobacco induced lung disease with respiratory bronchiolitis at the other pole. As noted by Ryu et al, 13 desquamative interstitial pneumonia usually displays more extensive ground glass changes, more severe functional impairment, has more striking symptomatology including clubbing and has an acknowledged, albeit low mortality. These cases of respiratory bronchiolitis-associated interstitial lung disease with fibrosis probably fall somewhere within the above spectrum where the alveolar septal fibrosis is dramatic and more extensive than usual cases of respiratory bronchiolitis-associated interstitial lung disease, but lack the diffuse uniform airspace filling by macrophages. To some extent they represent alveolar macrophage 'poor' cases of desquamative interstitial pneumonia, more resembling the fibrotic form of nonspecific interstitial pneumonia.
Peribronchiolar fibrosis is also seen with Langerhans cell histiocytosis in its late 'burnt' out phase, however, the extent and shape of the stellate scars, the frequent presence of sheets of Langerhans cells in younger lesions, and the presence of such scars in noncentrilobular locations can be helpful discriminators.
In summary, this series of nine cases of respiratory bronchiolitis-associated interstitial lung disease with fibrosis highlights an important observation for the surgical pathologist-an interstitial fibrosis can develop as a result of tobacco use, and this process needs to be separated from fibrotic forms of nonspecific interstitial pneumonia especially those occurring in cigarette smokers.
